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EFECTS: OF MEAY-LINE LOADING ON THE AEFOTYNAMIC,
CHARACTERTSTICS OF SOME LOW-IRAG ATRFOILS
By Milton Devidson and Harold R. Turner, Jr.

_SfllﬂAR!

The effect of variations in the type of mean line on the
sectlon characteriatice of several, representative NACA low-drag
alrfoils was investigated. The test results are compared with
theorstical predictions and indicate trends that facilitate the

" choice of mean line in the absence of tests.

INTROTUCTION

The wing designer, with a variety of mean lines at his dlsposal,
is confronted with the problem of choosing the proper mean line for
a particular airfoll application. As an aid in the proper selectlon
of mean lines, tests have been made in the NACA two-dimensiopel low-
turbulence pressure tunnel of soms NACA low-drag airfoils to observe
the effects of varying the mean line of airfoils of the same family.
The rolative advantages to be gelned by the use of loading of one
type in preference to another are discussed, and experimental test
data and theoretically calculated values for the alrfolls tested are
given to indicate the limitations of the theory.

TEST METHOISY

In order to obtaln a representative test group of airfoils,
menbers of the NACA 63-sorles, NACA 65-series, and NACA 66-series

At the time this paper was originally published, some of the
corrections required for correscting the test data to free-air conditioms
had not been determined.. The measured values of section lift coeffi-
olent o3 (figs. 1 to 11, figs. 13 and 15) should be corrected by
the following equation .

. = 0 o
5] (comG ted.) 096501 + 0.01

The measured section angles of sero 1ift (fig. 12) will therefore be
slightly different after the aforementioned correction is applied
to the 1lift data.



familios were selected.. Airfoila with identical basic thickness forms
were cembered (see reference 1) for the same design 1ift with the
uniform-load mean line, that is, with a = 1.0, and with mean lines
other than & = 1.0+ Al¥folls of the RACA 65-ser1es were chogen %o
give a camber a.nd. a thick:ness variation.

AlJ. the airfoils , constructed as described in reference 1,
wvere 24-inch~chord models and were teated :I.n the smooth condibicn

at Reynolds numbers of approximately 6 X 10° and 9 x 10 the
models of thickness equal to or greater than 18 percemt of the
chord (0.18c) were also .tested with a standard rouglmess applied
to the leading sdge (see reference 2) at-a Reynolds number of

approximately ~ 6 X 10%, Lift and drag values were obtained from
tunnel-wall and wake-survey pressure measurements, and 1tchin3-
moment values ‘were obtained from a balance (reference 1l

Avorage tunnel conetanta for these tests are

Tunnel tank Mach

Reynnlds mumbor, I | pressure | Dynamic pressure| number
(atm) (1b/aqg £+)

6 x 10° ﬁ 89 | oasTt

6 6L 103

9 4 8 o153

RESULTS

Routine-test results glving section characteristics for alrfolls
tested in a omooth condition are presented in figures 1 to 7. The
result3 are given in standard chart form, with two airfolis to each
chart, for the followlng alrfoils:

NACA 63,4-420, a = 1.0

NACA 63,4-420, a = 0.3
| RACA 65g-415, a = 1.0
NACA 655-415, a = 0.5
'NACA 65,418, & = 1.0



RAQL 663—418, a.=-0.5

. - .- - - =

. _BACA 654—431, &.=.1,0 = -
NACA 664421, 51910.5 T .
NAOL 65,3-418, a = 1.0
NAOA 65,3~418, & = 0,8

\ . HACA 65,3~618; 8 = 1,0

. BACA 654618, & =.045. - .

¥ACA 66,2-316, .a== 1,0

AL 66,2~316, 8'a 0,6

‘Charts of the alrfolls with a-standard roughness are
"glven in figures 8 t0 11} the 1lift mnd drag characteristics
are presented in thesé charts for all of the afore—mentioned
airfoils, 0,18¢ thick or thiokeyr, with the exceptlon of the
NACA 66,3-418, & = 1,0 and the FACA 65,2-418, a = 0,8 air-
foilssy The characteristics for the corresponding smooth
airfoll with wsa = 1,0 are also shown on each chart for com=—
parlson,

Measured values and theoretical mean-line values of
angle of zero 1ift, deslgn section 1ift coefficlent, and
sectlon pitehing~noment coefficlent are given in figures
12 to 14, respectively. The theoretical mean—line values
have been computed by using the values and methode of ref-—-
erences 1l and 3.

Figure 156 shows the varilation of design section 11ft
coefficlent and sectlion pltching—moment coefficient wi}h
airfoll thickness for -several ailrfoills of thHe NAOA 65~
geries. The results given were obtalned from tunnel meas—
urements; from mean—line (thin—eirfoll-theory) calculatlons;
from lntegration of the comblined theoretlcal pressure dia—
tributions due to basilc form thicknesgs and to camber

a

§ = % * q% (see reference 1); and from a Theodorsen

calculation” (see reference 4) on the NACA 653418, a = 1,0
airfoll, The symbols in the-formule for 5 are defined ms



g pressure ooefficient

veloclty on éurface of bésic thickness form

14 free—etreamiéelocity
Au veloclty 1ncrement due to mean—line load distri-
bution .
DISCUSSICN

Section Characteristics Applicable to Wing Design

Asrodynamically, wing design usually consists of tae

selection of sultable root and tip airfoill sections.

The

gselection of sulitgble roct and tip sections involves the
proper choice of noan line; heace, the aerodynamicist must

evaluate availavle mean-line data,

The advantages of choos—

ing one mean line in preference to anothsr for a particular
application can btest be shown By the effects of different

mean liness on thse airfoll section characteristics,.

The most

irportant of these characteristics are

G-zo

8o

czopt

‘mex
clj-range
cd
min

cg,~range

angle of gero 1lift

s8lope of sectlon 1ift curve, per degreo

optimum 1ift coefficient, or eaction 1lift coef—
ficlent seolected as middle of low—drag rarcge

maximum section 11ft ccefficilent

angular range corresponding to differonce betwseen

angle of attack at Clyax 2aR4d a8t c}] = 0

minimun section profile—drag coerficiant

extent of minimum section profile-—drag coefficient

section pitching—moment coefficiaut about soction
quarter—chord »oint

section critical speed



Selaction of Hean Lines

Reference 1, ‘which presents ‘mean linss with values
of a ranging from 0.3 to 1.0, recommends that a value
of & %be selected which 1s equal to or greater than the
extent of .the felling pressure for the associated basic
thickness form, A large variety of loadings may be ob—
tained by combinations of the varidus mean. liges; however,
the present paper Is concerned with only the values of a°
ag recommended 1n reference 1,

When, the loading of an airfoil 1s changed, the inher~
‘'ent characteristics of the basic thickness form may be re—
“tained and yet the airfoill section characteristics may be
groatly varied, XYor example, by employing one type of ocam-
ber in preference to another, & higher pection critical
spead, & higher maximun sectlion 1ift coefficient, and a
higher secticp piltchling-moument coefficlent may be obtalned
without any changs 1in gection minimunm profile—~drag coeffi-—
cient.

: The trend of section.characteristice can be shown
partly by theory end portly by goneralizations from test
results, Thinwairfoil theory indicates that a higher
eritical speed, a greater gsection pitching-moment conffi-
cient, and a lower value of sectlon angle of ,zero 1ift are
obtained as the mean line progresses in the dlrection from
a = 0,3 to a = 1,0; howevor, lndications of what hapvens
to the amaximum gection 1ift coefficient must be obtalnsed
from test results.

Tost results giving the section charactoristics of
ailrfolls with a uniform—load mean line and-airfoils with
loadings other then a = 1,0 &are presented in flgures 1
.0 11, The_charts for the airfoils in the smooth gonw
dition (figs. 1 to 7) indicate a higher Clpaxs & Ereater
8, and a narrower col~range for the airfolls wiﬁq_ a= 1,0
“than'with & < 1.0, The plots of c¢gq =agalnst. c; show no

significant difference in og, 17 although, at the higher
n .

values of c3, the drag is considerably less for the air—
- foll with = = 1,0 than with other mean~line loadings. It
is noted that the oq,~range for the airfolls with & < 1,0

shlfte toward higher 1i1ft coefflcilents as compared to the
airfoll with the & = 1,0 loadling, and alego the °‘opt

1s greater in almost every lnstance. The sectlon pitching~




moment coefficient, -as 1s expected, 1s greater (more nega-
tive) for the airfoil with the a = 1, o loadings

¥ith regard to roughness, airfoils vith a = 1,0
appear to be more conservative than airfoile with a < 1,0,
The charts of the airfoils with roughness (figs, 8 to 11)
show thdt the a = 1,0 airfoils have higher valuee of
c‘max and lower values of o643 throughout the cj—~range

CRO.

than the a < 1,0 airfolls,

Oomparison of measured valuee and theoretical mean—
line values are shown as an aid in predicting airfoll
.section characteristics from mean+line data based on thin-
airfoil theory., Because thin-airfoil theory does not take
into scecount ‘alrfolil-thicknees and bourndary-layer conclder-—
ationa, mean—line data gnd measured results might be eéx-
pectod to.-diverge consideratly, A comparison of measured
values ard theoratical mean~line valuee (figc. 12 to 15)°
shows that, for *the a < 1.0 airfolls, the theorstiecal
angles of zero lift and the thaoretical pltching-noment
coefficients are in falr agreement with those measured;.
the measuroed deslgn section 1ift coefficients, however, are
usuallyr higher than the theoretical values as indlcated in
the ‘airfoil designation numbers. Although, for the airfoils
with & = 1,0, the theoretical.and measured design 1i1ft co-—
efficilents are 1in failr agreement, the¢ measured angles of
zero lift and the measured pitchlng—moment coofficlients aro
considerably less than those indicated by theory. Ths de—
viation of values of measured pliching—moment cosfficiant
from the theoretical values results hecause in experimant
& uniform load was not malintained over the alrfoll to the
trailing edge. Thils fact suggoests that a reduclng factor
might be applied in order that the theoretical values of
Pltching—moment coefficlent might conform nore closely to
the measured vealues.

With increasing airfoll thickness, there is an accom—
panyling lncrease in section design lift end section pitching-
moment coefficient. (See fig., 15.) Although thin-airfoil
theory obviously gives no evlidence of tials. increase, 1t is
apparent from integrated theorctical pressure~distribution
celculations and is substantliated by test results.

OONGLUSIOE

The general effects of variation in the type of mean
1ine on the section characteristics of several representa-—



tive low—drag eirfolls are shown. The consistency of
,results indicates that these goneral trends are sultabdle
for use in the gelection of @éan lines £orf application to
airfolls for which test results are not available, .

Langley Memorial Aeronaubtical lLadorstory,
National Advisory Ocmmittee for Aeronautics,
Langley Fleld, Va,
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Figure 14.- Comparison of theoretical Figure 15.- Variation of moment coeffi-
and measured moment cient cp,/4 and section 1ift
coefficients for some NACA low-drag coefficient ey with airfoil thickness

airfoils. for some NACA low-drag airfoils.
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